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PATENTS ACT 1977 
A10610GB-I>JL/ACL 
Title: Elcctrii; Motor 
Descri ption cf laveation 

The pj-esent invention relates to an electric motor, in particular to means 
of mounting magnetic field producii^ elements on an external rotor of an 
electric motor. 

It is known to attach magnetic field producing elements such as 
pennenant magnets to the inside of a cylindrical wall of a motor rotor by means 
of generally T-shaped bars, A head of each bar engages with an edge of the 
magnet whiLst a stem of each bar is attached to the rotor wall, for example by 
welding. Ajj eadi bar has to be individually connected to the rotor wall, the 
process of attaching the magnets to the rotar is time consuming and hence 
expensive. Moreover, care must be taken during assembly to ensure that no 
movement oji'the magnets with respect to the rotor is permitted. 

A furl her disadvantage of rotors assembled in this way is that when used 
in an electrically commutated motor such as a bmshless DC motor, the torque 
exerted on tlie rotor as a result of the magnetic field generated by coils in the 
stator pulses. As a result, the rotor tends to vibrate whilst rotating and vibration 
pulses are si5t-up. This causes the motor to be undesirably noisy, arid is a 
particular problem when the motor is used in applications in which the rotor 
rotates at relitively high speeds, for example when the motor is used to lirive a 
steering pump. 

Accoi-diDg to a first aspect of the invention, we provide an electric motor 
including a rOtor with a generally cylindrical rotor wall and a plurality of 
magnetic field producing elements mounted on an inside surface of ths rotor 
wall, the rotDr bemg mounted for rotation around a central stjitor^ whersin the 
magnetic field producing elements are mounted on the rotor wall by means of a 
plurality of resilient retaining members^ at least one resilient retainmg member 
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being located, between and engaging with edges of two adjacent magnetic field 
prodiicing elemewts* the edges of the magnetic field prodncmg elements 
extending generally parallel to an axis of rotation of the rotor, the resilient 
retaining members being clasticaUy deformed so as to exert a retaining force on 
the magnetic field producing elements. 

Thus, by virtue of the invention, there is no need to weld or othisrwise 
attach a retaining bar to fh& rotor wall, and thus the magnets may quickly and 
easily be moimted on the rotor walL 

The e ectric motor is preferably w electrically commutated motor such 
as a brushles;; DC motor. 

It has been found that, by virtue of the fact that such retaining members 
peimit some movement of the magnets relative to each other and to th<j rotor 
wall, any vibration pulses, such a^ those produced due to torque pulses 
produced in an electrically conmxutated motor, tend to be damped, and thus a 
motor havinf; a rotor according to the first aspect of the invention tends to be 
less noisy in use than comparable prior art electric niotors. 

iPreferably, the magnetic field producing elements are permanent 
magnets. 

Preferably, Ihe edges of the magnetic field producing elemeuts are 
shaped to conform to the shape of the resilient retaining member, as this 
permits a greater area of the edges of the elements to engage with the retaining 
member, and hence may further assist in retaining the magnetic field producing 
eleriients on ihe rotor wall. 

Each resilient retaining member may include a first and a second j»ortion 
each with a first edge and an opposite second edge, the two portions being 
joined zdong their first edges and inclined relative to one another at an angle of 
between 0 and 90*. In this case, each resilient retaining member is preferably 
arranged wi^h the second edges of the first and second portions directly 
adjacent to tie rotor v^all. and the first portion engaging with a first mfignetic 
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field producing element and the second portion engaging with a siecond 

adjacent magnetic field producing element. 

Alternatively, each resilient retaining paember may be a roU-pin. 
Preferably, the magnetic field producing elements are elongate and 
arranged witli their longitudmal axes generally parallel to the axis of rotaion of 
the rotor wall, in which case, each resilient retaining member is preferably 
elongate and is preferably arranged with its longitudinal axis generally parallel 
to the longittidinal axes of the magnetic field producing elements. In addition, 
each resilieni: retaining member preferably extends along substantially the entire 
length of the magnetic field producing elements. 

Accoiding to a second aspect of the invention we provide a metbod of 
assembling a rotor for an electdc motor, the rotor being adapted in use to rotate 
about an axis of rotation, the method including the steps of positionhig two 
magnetic field producing elements against an inside surface of a oyliadrLcal 
wall of the rotor, mserting a resilient retaining member between edges of Hie 
two magnetic field producing elements which extend generally parallel to the 
axis of rotalion of the rotor, the resihent retaining member bemg elastically 
deformed during insertion such that once in place it exerts a retaining force on 
the magnets. 

The iavesntion will now be described by way of example only with 
reference an'l / or as shown in the accompanying drawings of which> 

FIGURE 1 is an illustration of a cross-section through a rotor and stator 
of a prior art electric motor, 

FIGURE 2 is an illustration of a cross-section through rotor and slator of 
an electric n: otor according to the invention. 

FIGURE 3 is an illustration of part of a cross-section through a second 
eanbodiment of rotor for an electric motor according to the invention, 

FIGURE 4 is an Uhistration of part of a cross-section through a third 
embodiment of rotor for an electric motor according to the invention. 
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Referring now to the drawings tbece is shown a rotor 10 and a statot 12 
for an electrio motor, preferably for an electrically commutated motor sucJi as a 
brushless DC motor. Both the rotor 10 and stator 12 are generally cylindrical, 
and the rotor 1 0 is arranged concentrically around the stator 12, 

The rotor 10 includes a generally cyUndiical rotor wall 13, wtiich is 
mounted for rotation about its longitudJnsd axis A by conventional means (not 
shownX fiiid a plurality of magnetic field produdng elements 14, which in this 
example are permanent magnets 14, mounted around the entire circumference 
and on an inside surface of the rotor wall 13. Each magnet 14 is an el-DUgate 
and is arrang;ed with its longitudinal axis parallel to the longitudinal axis A of 
the rotor 10. The transverse cross-section of each magnet 14 has the sha])e of a 
segment of sn anmilus, and thus each magnet 14 has two opposite curved faces 
and two opposite planar edges. 

In the prior ait arrangement^ the magnets 14 are niounted on Ac rotor 
wall 13 by means of a plurality of retairung bars 16'. Each retaining bar 1 6' has 
a T-shaped transverse cross-section, and has a stem 16'a which extends 
between two adjacent magnets 14 radially inwardly of the rotor wall 13. and a 
head 16*b winch engages with a top surface of an edge of each magnet tc- retain 
the magnets 14 with respect to the rotor wall 13. 

The stem 16'a of each retaining bar 16' is attached to the rotor y/all 13 
by welding ot other such method, and therefore attaching the retaining bars 16* 
on the rotor waU 13 is time consuming. Mareover, care must be taken when 
attaching the retaining bars 16' to the rotor wall 13, to ensure that the retaining 
bars 16' clamp down on the magnets tightly enough completely to jrrevent 
movement of the magnets 14 with respect to the rotor wall 13. In acilitioti, 
when in use in an electrically commutated motor such as a brushless DC motor, 
pulses in the torque exerted on the rotor 10 by coils within the stator 12 cause 
the rotor 10 to vibrate and vibration pulses to be set up, which significantly 
increases the noise generated by the electric motor* 
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Referring now to Figures 2 to 4, according to the iirventiQD, however, the 
magnets 14 are mounted on the rotor wall 13 by means of a plurality of resilient 
retaining members 16, there being at least one retaining member 16 between 
each pair of adjacent magnets. Each retaining member 16 is elastically 
deformed so as to exert a retaining force on the magnets 14. 

In Ae embodiments shown in Figures 2 and 3, each retaining member 16 
is an elongale elanent with a V-shaped transverse cross-secdon. Thus, each 
retaining member 16 has a first and a second portion each with a first edjge and 
an opposite second edge, the two portions being joined along their first edges 
and inclined relative to one another, in this example at an angle of 
approximately 30** although another angle between 0° and 90*^ may be adopted. 
The retaining; members 16 are made &om a material such as spring steeL 

Each }'etaining member 16 is arranged between two adjacent magnets 14 
with a longitudinal axis gcgaerally parallel to the longitudinal axis A of th.s rotor 
wall 13, witti the second edges of the first and second portions adjacCTit to the 
rotor wall Ij:, and the first portion engaging with the edge of one magnet 14 
and the second portion engaging with the edge of the adjacent magnet 14. In 
this exaznple, each retaining member 16 extends along substantially the entire 
lengllL of the magnets 14. 

The size and number of magnets 14 are such that the gap between 
adjacent majjnets is too smiall to receive the retaining niEmbcr 16 without the 
retainmg member 16 being elastically defomiBd to bring the first and second 
portions closer together* Thus, when in place between adjacent magnets, the 
first and seccmd portions of the retaining member 16 push outwardly against the 
magnets 14 find hence exert a retaining force on the magnets 14. When all the 
magnets 14 and retaining members 16 are in place, this retaining force is 
sufficient to retain the magnets 14 in position around the rotor wall 13. 

As it is not necessary to attach each retaining member 16 to the rotor 
wall 13, mounting of the magnets 14 on the rotor waJl 16 is consiclerably 
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simplified o^'^er the prior art arrangement described above. Moreover, it has 
been found fnat, as some limited movement of tbc magnets 14 relative to each 
other and to ihe rotor wall 13 is permitted, any vibra-tion pulses are dampe d^ and 
hence a elecirically commutated motor accotding to the invention, tend^i to be 
quieter than ii prior art arrangement 

In order to inorease the area of contact between each retaining member 
16 and the a^ljaceiLkt magnets 14» it is possible to shape the edges of ihe magnets 
14 to oonfonn with the shape of retaining members 16, 

For ej^ample, as shown in Figure 3, the edges of the magnets 14 rnay be 
inclined so that they do not lie radially with respect to the rotor wall 13, but 
instead lie SLibstantially parallel to the first and second portions of the reimoing 
members 16. 

The ]>^taining members 16 also need not have a V-shapcd cross-section, 
and any similar spr&ag arrangement may be used instead. For example, the 
retaining meoibers 16 may be a roll-pin as shown in Figure 4. 

In the example shown in Figure 4, the edges of the magnets 14 are each 
provided wilh a generally semi-circular recess which is adapted to receive part 
of a retainin g member 16. This is not, however, necessary, and magnets 14 of 
the conjBgurations shown in Figures 2 and 3 may be used with a retaining 
member 16 having a generally circular cross-section. 

Whikt in the above examples, each retaining member 16 extend^t along 
substantially the entire length of the magnets 14, the retaining members .16 may 
be shorter ttan the magnets 14, provided they supply sufiScient retaining force 
to retain the tnagnets 14 on the rotor wall 13. Alternatively, if desired, two or 
more short retaining members 16 may be provided between each pair of 
adjacent maj^ets 14. 

The magnetic field producing elements 14 need not be petinenant 
magnets. ITicy may instead include an element which can be indtx^ed to 
produce a magnetic field, such as a magnetizable element or elecbdcally 
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conducting <;oil, in which case, the rotor 10 may be used in a switched 
reluctance m.>>tor» 

The rcAox wall 13 typically is made from sheet metal, but may instead be 
made from a composite material comprising a viscoelastic material sand^viched 
between two sheets of metal. Such a material is commercially available under 
the name BC^NDAL®, The use of such a material is particularly advantigeous 
in an electro motor according to the invention, as it fiirther reduces the 
vibration noise produced by the rotor 10 when in use. It is believed tliat the 
frequency ol' vibrations generated by movement of the magnets 14 aad the 
frequency of vibrations generated by the composite rotor wall 13 are sw^h that 
the vibrations at least partially cancel each other out, and hence the noise 
produced by the motor when in use is fiirther reduced. 

The invention is particularly uscfiil when the motor is used in 
applications in which the rotor must rotate relatively fast, for example when the 
motor is used to drive a steering pump in a motor vehicle. 

The ibatores disclosed in the foregoing description, or the following 
claims, or the accompanying drawings, expressed in their specific forms or in 
terms of a means for performing the disclosed fimction, or a method or jirocess 
for attaining the disclosed result, as appropriate, may, separately, or in any 
combination of such features, be utilised for realising the invention in diverse 
forms thereof. 
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CLAIMS 

L An el- metric motor including a rotor with a geaierally cylindiical rotor 
wall and a plurality of magnetic field producing elements mounted on an inside 
surface of th*5 rotor wall, the rotor being mounted for rotation around a (central 
stator, wherein the magnetic field producing elements are mounted on the rotor 
wall by meats of a plurality of resilient retaining members, at least one re silient 
retaitdng member being located betwem and engaging with edges of two 
adjacent maj^netic field producing elements, said edges of tfic magnetio field 
producing elements extending generally parallel to an axis of rotation of the 
rotor, the resilient retaining member being elastically deformed so as to exert a 
retaining force on the magnetic field producing elements. 

2. An e.ectric motor according to claim 1 wherein the motor is an 
electricalfy c ^mmutated motor. 

3. An electric motor according to claim 1 or 2 wherein the niagnetlc field 
producing elements are permanent magnets 

4. An electric motor according to any preceding claim wherein thi5 edge 
portions of tiie magnetic field producing elements are shaped to conform to the 
shape of the resilient retaining member. 

5. An electric motor according to any preceding claim wherein each 
resilient reta nhig member includes a first and a second portion each with a first 
edge and an opposite second edge, the two portions being joined along their 
first edges and inclined relative to one another at an angle of between 0 and 
90=*. 
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6. An el(;ctric motor according to claim 5 wherein each resiJient retaining 
member is arranged with the second edges of the first and second portions 
dirwfly adjai:ent to the rotor wall^ and the first pc^rtion engaging with a first 
magnetic field prtjducing element and the second portion engaging '^vith a 
second adjaosnt magnetic field producing element 

7. An electric motor according to any preceding claim wherein each 
resilient retaiaing member is a roll-pin. 

8. An electric motor according to any preceding claim wherein the 
magnetic field producing dements are elongate and arranged with their 
longitudinal rixes generally parallel to the axis of rotation of the rotor walk 

9. An el<x:tric motor according to claim S wherein each resilient retaining 
membex is elongate and is arranged with its longitudinal axis generally parallel 
to the longitudinal axes of the magnetic field producing elements. 

10- An elix:tric motor according to claim 9 wherein each resilient retaining 
member extends along substantially the entire length of the magnetic field 
producing elements. 

11. An eloctric motor substantially as herdnbefore described with ref srence 
to and / or as shown in the accompanying drawings. 

12. A meihod of assembhng a rotor for an electric motor, the rotor being 
adapted in use to rotate about an axis of rotation, the method including th<5 steps 
of positionin g two magnetic field producing elements against an inside surface 
of a cylindric al wall of the rotor, inserting a resilient retaining member betweexi 



27/09 2002 14:31 FAX 01212002656 FORRESTERS -* FAX FILING PAT 0 Igl 015/015 




10 

edges of the two magaetic field producing elements which extend generally 
parallel to the axis of rotation of the rotor, the resilient retaining member being 
elastically deformed during insertion such that once in place it exerts a retaining 
force on the magnetic field producing elements. 



13. A method of assembling a rotor for an electric motor substantially as 
hereinbefore described with reference to the accompanying drawings. 

14. Any novel feature or novel combination of features hereinbefore 
described an J/or as shown in the accompanying drawings- 
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ABSTRACT 





S £>vA^ CJt>^ OJ' 



An electric motor includes ; a rotor (10) with a goicrally cylindrical rotor wall 
(13) and a plurality of magnetic field producing elements (14) mounted on an 
inside surface of the rotor wall (13), the rotor (10) being mounted for rotation 
around a central stator (12),^' "TU^ xnagnetic field producing elements (14) 
are moimted oil the rotor wall (13) by means of a plurality of resilient rei^ining 
members (15)^ at least one resilient retaining membea: (16) being located 
between and engaging with edges of two adjacent magnetic field producing 
elements (14)^ TUz^ edges of the magnetic field producing elements (14) 
extend gcsnerally parallel to an axis of rotation (A) of the rotor (1 0\ <^.vv3 iUe. 
resilient retaining membei:5(16) <^rgL elastically deformed sso as to exert a 
retaining for :;c on the magnetic field producing elements (14). Ttv<2^ *A>L^>cf i 
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